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High solid coating composition and method for forming topcoat using same 



(57) An object of the present invention is to provide 
a novel heat-curable high solid coating composition 
capable of forming a coating film which is excellent in 
both acid resistance and scratch resistance, and a 
method for forming a topcoat using said composition. 

The present invention provides a heat-curable high 
solid coating composition comprising: 

(A) a carboxyl-containing compound, 

(B) a vinyl polymer having an epoxy group, a 
hydroxyl group and a hydrolyzable alkoxysilyl group 
in one molecule, 

(C) a reactive organopolysiloxane, and 

(D) a crosslinked particulate polymer. The present 
invention also provides a method for forming a top- 
coat using said composition. 
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Description 



top^nT»m7 n,i ° n re ' ateS 10 3 n ° Vel heat " CUrable hi9h S °' id COati " 9 and a ™«™ forming a 

5 h-JS^lS? t0 ^f composi1, " ons c ° m P™"9 a bydroxyl-containing acrylic resin and a melamine resin have been 
heretofore chiefly used for coating automotive exterior panels. However in recent years acWrinte ST-ET .!. 

SsTT ^ "* " ,ikS SteinS °" 0M " n " ** Wrth ' he inS a l g %"ead of ^ £^c^£ 

made on automcb.les by car washers have presented another problem. In this situation thereto a 

However, a method has been scarcely proposed for giving both acid resistance and «2n«32c^c^ to 
hydroxyl value in the presence of a monomeric melamine resin and an acid ratals JZ«1 Zl- acry,lc ,. r f ,n of hl 9 h 
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Methods have been proposed for imparting both acid resistance and scratch resistance to a coatinn film hw 
pora*ng an acid-resistant crosslinking system to a less acid-resistant melamine ^S^^S^^^^' 

On the other hand, melamine resin-free crosslinking systems have been Droooqprf Tha „™^,u • , ^ 
crosslinking system having only a combination of carboxyr g roup/e^ 12 or SStSSE^ 1 
group (e.g., Japanese Unexamined Patent Publications It. V*£w££^^ 

cJin^ 

able silyl group (Japanese Unexamined Patent Publication No 187 749/1 987> but^oZ^^h ^ ! 
the curing reaction of the polymer wrth the compound is unsaLctoXaus'e ^££££S^~ !?? T 
presence of the epoxy group and hydro.yzable silyl group in the SJTnSST * ** 

A resin composition comprising a hydroxyl- and carboxyl-containing silicone polymer a carboxyl- and carboxvlir 
9 " )UP ' COn,a 'T 9 P ° ,ymer ^ 3 1*"** and Waning polymer Seen proS « crosSk 
^re^ 9r ° UP/ep0Xy 9rouP which contains 

a base resin (Japanese Unexamined Patent Publication No. 166,741/1994) The cured cnatinn m J~ « 
defective in that it is no. aKvays fully satisfactory in crossing density aSt ^^^2^SSS^1 
of the important characteristics of coating compositions tor automotive exteriorpanels * 

a high sohd concentration, but if the molecular weight of these resins is decreased for reducino the v ££X L «T? 
mgcoating ,i,m has .inferior film performance. For achieving satisfartory fi.m P er£^ 

molecular we.ght. the res.ns must have a higher content of crosslinks functional groups such as hSyTlucTnd 
methylol groupHoweve, ,t is difficult to reduce the viscosity of the resins with a ^coZt^2^%S^ 

end" w n r Ce TT ?^ UPS 9enera " y inCreaS6 the viSC0Si * of the fesins » »• Meracti™ 

ond when using as a h.gh soW coating composition the above composition to be cured with a melairtn?™^'^ 

nninf object of the present invention is to provtfe a novel heat-curable high solid coating composft^f 7e ofthe fore 
going prior art drawbacks, and a method of forming a topcoat using said composition C ° mp0S,t,0n free ° f ,he fore - 

nf ^ 0ther ° b, ? Ct °!, th6 inVent, '° n iS l ° Pr ° Vide 3 n0vel h ««"«™Me high solid coating composition which is capable 
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A further object of the invention is to provide a novel heat-curable high solid coating composition excellent in low- 
temperature curt** storage stability and recoat adhesion, and a method for forminga tcpSt uanTSi 

These and other objects of the invention will become apparent from the following description 
The present invention provides a heat-curable high solid coating composition comprising: 

(A) a carboxyl-containing compound 

(D) a crosslinked particulate polymer, and a method for forming a topcoat comprising the step of successively form- 
mg a colored base coat and a clear topcoat on a substrate, said colored base coat and/o ^^SSZ, 
formed from the above coating composition. ,0pcoat be,n9 

The inventors of the present invention conducted extensive research to achieve the above objects and found that 

ESSM^h* 8 ^ b/ 3 heat<Ufable W9h S ° lid COati " 9 compin7at^Sl 
ri 1 a , b0ve - specrfied P° ,vmer W. a reactive organopolysiloxane (C), and a crLlinked^Ste 
polymer (D). The present .nvention has been completed based on this novel finding wmKea part,culate 

The components of the curable coating composition according to the invention will be specifically described below 

An acid value of less than 50 mg KOH/g in the compound (A) is likely to lower the curability of the resultinn mm™ 
s-tion and to thereby reduce the acid resistance and scratch resistance of the JZT1££5££5 an acid 
value of more than 500 mg KOH/g tends to decrease the compatibility with the polymer CB) andThe 

Se^ifra^ * T? *~ * *' ^^^^^^fS^ 

outside sa.d range .s undesirable. The following compounds (A-1) to (A-3) are usable as the compound (A) 

(A-1): a vinyl polymer having, in a molecule, a group formed by half esterification of an acid anhydride group 

The group formed by half esterification of an acid anhydride group consists of a carboxyl group and a carboxvlic 
SST*fS ,S 0 ^,^*fi«*» an a <*« a "^rWe group and an al^hatic mo^c^SSK 
reaction for nng opening, namely half esterification. Hereinafter the group may be referred to simply as ™ Tester 

The compound (A-1) can be easily prepared by copolymerizing a vinyl monomer having a half ester qrouo and 
monornL" h T n0merS "IT* ^Tf^ w * the Same c °P°'y™rizatjon with the exception S us^g 'jE 

or thPK^o 'n "J? r n T erS haVin l an 3Cid anhydride 9roup are " for exam P' e ' a m aleic anhydride, an itaconic anhydride 
or the houseful v,nyl monomers having a half ester group are. for example, those prepared by half esteSShe 
acd anhydr.de group of the acid anhydride group-containing vinyl monomer esterification of the 

The half esterification can be done either before or after the copolymerizaton reaction as described above P» m 
pies of aliphatic monohydric alcohds usefu. in the half esterKication are .ow-molecula • wJgM ^JSSHiSl 

L u «l a rpTf ano1 - *TH opanoL t " butanoL isobu,ano, ■ me,hyl ce,,oso,ve - ** rSESrtSS 

" f COnventiona ' manner at a ,em We ranging from room temperature 2 0u t 
80 C. if necessary in the presence of tertiary amine serving as a catalyst 

( .,h e r E c X !!!! P l eS . 0f * aid Viny ' monomers are hydroxyl-containing vinyl monomers; (meth)acrylic acid esters- vinyl 
ethers and aryl ethers; olefin compounds and diene compounds; hydrocarbon ring-containing unsaturated moiLTs 
and nitrogen-containing unsaturated monomers; etc. unsaturate monomers. 

k p E h!Z' eS IT 6 , h ^? Xy 'T ntainin9 monomers are c 2-a hydroxyalkyl esters of acrylic or methacrylic acids such 
L?M y Tr *? (meth)acrylate ' 2-hydroxypropyl (meth)acrylate. 3-hydroxypropyl (methjacrylat hSSoZj 
(meth)acrylate. etc, monoesters of (meth)acrylic acid or like unsaturated carboxyTc acids wfth IZeWw^Z 
pofypropylene glycol, polybutylene glyco. or hke pdyether polyols; monoethers of 2 ^^ydroxyeCtSSate o X 
SS' C °7 a ?' n9 UnSatUra i ed m ° n0mere Wilh P 0 *"*™ Polypropylene glycol polyJutylen^So I ke 

2CSJT5 0 """T ^ Pr0dUCtS ° f dies,erification e rod "*s - ma '^ anhydride iTanhyS or lite 
acd anhydride group-containing unsaturated compounds with ethylene glycol 1 6-hexanediol n^T! 7 

glycols hydroxyeth^n^ e^ 

carboxylic acd wrth CARDULA EtO (tradename, product of Shell Petrochemical Co. Ltd ) a-ofefln S o S 
mmoepo^ compounds; and adducts of glycidy. (meth,acry.ate with acetic acid, propionic ad 

LomKn aC,d , ^ te , m ° n0ba f C aCk,S; «*»»* * *• **• hydroxyl-containing monomers wrtS Lto3e g ^ 

caprolactone, y-valerolactone, etc.); and the Hke. 1 9 ' 
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Examples of (methjacryhc acid esters are C,. 24 alkyt esters or cycloalkyl esters of acrylic or methacrylic acids such 

hJH^X iST f^? ^ ate ; aCry,3te ' iS ° Pr0Pyl aCrylate - n - butyl acr y ate - isobut y' ■"*<•»»■ t-buty. acrylate 
hexyl acryla e. 2-ethylhexyl acrylate, n-octyl acrylate. decyl acrylate. stearyl acrylate. lauryl acrylate. cydohexv. a?- 
ylate methyl methacrylate. ethyl methacrylate. n-propyl methacrylate, isopropyl methacrylate. n-butyl methacrylate 
5 .sobuty. methacrylate. t-buty. methacrylate. hexyl methacrylate. 2-ethylhexyl methacrylate. otfyl mla^te S 
methacrylate lauryl methacrylate. stearyl methacry.ate. cydohexy. methacrylate. etc, ^ ^alto^S ^ersTf 

aC ^L° r "J*?? 3C f • SUCh 38 methoxybu, y | acr y a,e - methoxybutyl methacrylate. mettic^yethyl acrylate meth- 
oxyethyl methacrylate. ethoxybutyl acrylate, ethoxybutyl methacrylate. etc.; and the like cy.aie.mein 

10 .thpf T^Jf Sthera 3 ? d aryl S,herS 3re ethyl Vinyl ether ' n - prop y vin * ether - is °P ro Py ™V ether, butyl vinyl 

10 ether, t-butyl vnyl ether, pentyl v.nyl ether, hexyl vinyl ether, octyl vinyl ether and like chain-like alkyl vinyl ethere 
cydopentW v.nyl ether, cyclohexyl vinyl ether and like cycloa.ky. vinyl ethers; phenyl vinyl ether, trrvinyl e^and S 

a2 ZIS SsTetc ^ ' **' "* " - W ^ etherS; ** *** «^ 

«. ta^STdlSSSS ~ mP ° UndS 3nd dienS «W* are ^ene. propylene. buty.ene. viny. chloride, butadiene. 

Examples of hydrocarbon ring-containing unsaturated monomers are styrene. a-methylstyrene phenyl (methlacr- 
ylate. Phenylethy. (meth)acrylate. phenylpropy. (meth)acrylate. benzyl (meth)acry.ate. phelyethj SE£ 
cydohexyl (me*)acrylate. 2-acryloyloxyethylhydrogen phthalate. a^ctfcrfox^h^^ 

LStr^H^iT Ph ! ha ' a,e " 2 a ^°^Py1tetrahydrohydrogen phXte. ester of pJS&Z2c 
acid with hydroxyethyl (meth)acrylate. dicyclopentenyl (meth)acrylate, etc. vwzoic 

m JSTST ° f nitr ° 9en - conteinin 9 ""saturated monomers are nitrogen-containing alkyl (meth)acrylates such as 
N LN^methylaminoethyl I (methacrylate. N.N-diethylaminoethy. (meth)acrylate. N-t-butyL!inoetnyl (me*)a<^ate 
w ^! am ' deS SUCh 35 acr >" amide - methacrylamide. N-methyl (meth)acrylamide. N-ethrt (meth jcr^a- 
rn.de N.r^.methy. (meth)acrylamide, N.N^imethylaminopropyl (methjacrylamkie. N,l#int^^«SS^ 
yam.de etc.; aromatic nitrogen-containing monomers such as 2-vinylpyridine. l^^ri^e^ZSS 
etc.; polymer.zable nitriles such as acrylonitrile. methacrylonitrile, etc.; allylamines- and soon v "W<"ne. 
moJJ, e .!h POly T!!f T- ^ ° Ut bV conventional methods for copolymerization of vinyl monomers. The 

Zt ™ f^mj °" T ? d ' Ca> ^y™*"*"™ ca " ied °* in an organic solvent, in view of app.icatiS 
range and costs. Stated more specrf,cally. the desired polymer can be easily obtained by copolymerization at aWoeT 
ature of about 60 to about 1 50»C in an organic solvent in the presence of a polymerization ZL^SSSSS^ 
tyron.tr.le benzoyl peroxrie or the like. Useful organic solvents indude aromatic solvents such as xy.ene and to uS 
ketone solvents such as methyl ethyl ketoneand methyl isobutyl ketone, ester solvents such as ethyl acetate bS 
tate^sobutyl acetate and 3-methoxybutyl acetate, and aicoho.s such as n-butanol and isopropyl alcohoV ete 
i,pH^^t.f Ster 9rOUP " °. r acW J^ drk,e 3roup-containing vinyl monomer and other vinyl monomer are copolymer- 
1,* " he '°' l0Wing P r °P°«™s ***** on the total weight of the monomers. The proportion of the half ester grouTor 
acd anhydr.de group-conta.ning vinyl monomer is about 5 to about 40% by weight. preferably about loSm 
by we.gh. ,n view of curabHrty and storage stability. The proportion of the other vinyl monomer is abo^ 60 to S 95^ 
by we.gh . preferably about 70 to about 90% by weight. Of the other vinyl monomers, styrene is used suitab^n a pro 
port.cn of up to about 20% by weight in view of weatherability of cured coating. When an add anhydride grouj -conta n- 
mg vjnyl monomer .s used, hatf esterification is carried out after copolymerization as described above 

i 0 om e A C n.T Und (A " 1) iS P , r6fe : ably a " aCry ' iC P ° ,ymer h3Vin9 a number avera 9 e molecular weight of 2.000 to 
I™ a n s 96 m ° l f CUl f r We,9ht ° f ,6SS ,han 2 ' 000 ,ends t0 im P air weatherability of the cured coating 
whereas a number average molecular weight exceeding 10,000 tends to reduce the compatibility wrth the polymer (B) 
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(A-2); carboxyl-containing polyester polymer 

butp^X^S 

The carboxyl-containing polyester polymer can be easily prepared by condensation reaction of a polyhydric alcohol 
witt , a polycarboxyhc acd. Usefu. polyhydric alcohols include, for example, ethylene glycol, butylene cTyco" 1 6-he^an 
ed.ol. trimethylolpropan^ pentaerythrito.. etc. Useful polycarboxylic acids include, for example, adipic acid erephSfc 

SU^Tf ' C k hydrWe - hexah ^°P htha,ic a "^" d «. *• Stated more specifically, the ortSSS 
ta,n.ng polyester polymer can be prepared, tor example, by a one-step reaction using a reaction system conteX 
excess carboxyl group of a polycarboxylic acid, or by a reaction using a reaction system containing exi^ C Z 
group of a polyhydric alcohol to give a hydroxyl-terminated polyester polymer, followed by an addition reaction o5 
anhyTr T f *°"P-™*™"9 impound such as phthalic anhydride, hexahydrophthalic anhydride. 
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A hydroxy) group may be introduced into the carboxyl-containing polyester polymer to an extent of a hvHr < , 

toeby make the polymer reactive wrth the hydrolyzable alkoxysilyl group in the polymer (B). Tht SSSi^S a 
hydroxyl group can be effected by intermitting the condensation reaction in the oresencp of Jr~7~Z~ A 
by the addition reaction of the rydroxyl-tenlated polyeste po^ZTZ^S^^J^T ^ * 
group with an acid anhydride grouping compel in JZZ EE Z£E£Z£ 

(A-3): A half ester formed by an addition reaction of polyol with 1 ,2-acid anhydride 

The number average molecular weight of the half ester (A-3) is not limited specifically but usually as low « ahn.t 
Z°ostr 1 - 00 °- iS 3 " ^ - ^ 

Said half ester is obtained by reacting a polyol with 1.2-acid anhydride under conditions which can Pffert th» ri „ 
open,ng reaction of the acid anhydride but substantially do not cause pot^S^^^J!^ "1 
reaction has a low molecular weight and narrow molecular weight *5b*£TS£ Xt^STS, voS 
orgamc content when contained in a composition and imparts excellent properties to the resSZc^tino f 1^ 

The half ester is prepared by the reaction of a polyol with 1 2-acid anhydride in an inVn !tmoc„h T ■ 
gen atmosphere, in the presence of a solvent. Preferred solvent a^e Z^L^^lSSl^ J* T' 
ketone, methyl isobutyl ketone and the like; aromatic 
organic solvents such as dimethylformamide. N-methylpyrrolidone and the like 

The reaction is carried out preferably at a low temperature of about 150°C or less Soecifieaih, ^t^H ^ 
temperature is preferably about 70 to about 150'C. more preferably about 90 to abouTl£>c ' ^ 
150-C causes polyesterif ication reaction, whereas a tan^a^I^^^^l un ^^T T"*"* 
Hence, reaction temperatures outside the specified range mmMtSZL ""^factory reaction rate. 

to abTut 6 2 e 4? o r me SH9htly baSiCa " y dePendin9 00 reaCfi0n te b * * —«y about 1 0 minutes 

abouTo T^Z*??^'^*" T: maXimUm yi6,d - ,hS 6quiva,ent rati0 of «• acid anhydride to the polyol is 
about 0.8.1 to about 1 .2:1 . when calculating the acid anhydride as monofunctional compound 

inn a ". M ^ f US6 J n 1,16 preparation of 1,16 desired ester has about 2 to about 30 carbon atoms exclud 
?J?n^T r ' n * e aC ' d m ° ie,y " ExampleS 01 such acid anhydrides are aliphatic, alicyclic oTeTand cyclic o S n 

S3 r??S" "J ar °K mat,C add anhydrid6S ThS aliphatic and aroma,ic a* anhydrides E£. SS^JS 

acid anhydndes and substituted aromatic acid anhydrides, insofar as the substituents do not adver^ a Sf?,h 

tivrty of the acid anhydrideor the properties of theresulting half ester BxJSSomB^^^rT l?^ 

anhydr.de. octadecenylsuccm.c anhydride, phthalic anhydride, tetrahydrophthalic anhydrid^metLtefrahvdrS^ 
^LT^T h ^^ df>de - ^ahydrophthalic anhydride (such asnZ^^ZTZl 

Usable polyols are those having about 2 to about 20 carbon atoms. Preferably usable are diote Mm* mi v 
h ydS^ 

The polymer (B) can be easily prepared by copolymerizing an epoxy-containing vinyl monomer a hydroxvl-contain 
,ng vinyl monomer a hydrolyzable alkoxysilyl group-containing vinyl monomer and other v^no^ Z ^Z 
conventional method as in the preparation of the compound (A-1). monomer Dy the same 

Examples of the epoxy-containing vinyl monomer are glycidyl (meth)acrvlate allvl oiwirivi „ ( ho, ■ l. ^ 

p-es of the hydrolyzable alkoxysi.y. group-containing vin/mUnlr 

ane vmyltr.ethoxys.lane. vinylmethyldiethoxysilane. vinyltris(2-LthoxyethL)sTlanT v 

methacryloy^oxypropyltrimethoxysilane. H^acryloytaxy^^ T 

^ehacrylo^ 

Mro^-conta.n.ng v.ny. monomers and other vinyl monomers mentioned above are used in the prepared ofthe £ 
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The epoxycontainrng vinyl monomer. hydroxyKontaining vinyl monomer, hydrolyzable alkoxysilyl group-contain- 
ing vinyl monomer and other vinyl monomer are copolymerized in the following proportions based^n the 

STinT^' ^°r ,0n °J> *" I"*? 0 ***** ««m» is about 5 to about 60% by 

about 10 to about 40% by weight. ,n v.ew of curability and storage stability. The proportion of the hydroxyl-co^S 

5 vinyl monomer ,s about 3 to about 50% by weight preferably about 5 to about 30%by weight, in view £ curlX and 
storage stab,hty. The proportion of the hydrolyzable alkoxysi.y. group-containing vinyl monoL k abTutl to at uS 
by we.ght preferably about 5 to about 20% by weight, in view of curability and cosk The proporto of the o£er 2 
monomer ,s about 10 to about 80% by weight, preferably about 20 to about 50% by weignt STlTvZ ™™ 
mers^styrene ,s used suitably in a proportion of up to about 20% by weight in view of weatherab£ oTc^clTng 

io The polymer (B) prepared by the copolymerization of the monomers in said proportion ranqe has an enow mntL 
of OS to 5.0 mmol/g. preferably 0.8 to 2.5 mmo^g. a hydroxyl value of 10 to 200^3^1^ ™ 
KOWg. and a hydro.yzab.e alkoxysi.y. group content of 0.3 to 5.0 mmo./g. preferably^ 0 tol'o mS " 9 

J"riT!l leSS .I. han 0 5 nm0V9 ln tMe P ° lymer (B) is likely to l<wer *• cu "**^ °' the resulting compo- 
s tion and to thereby reduce the acid resistance and scratch resistance of the coating film whereas an eZ SZTt 

15 ? m ° re ^ an J f ° r 0 " 9 t6ndS 10 deCreaSe Ability with the compound (A) a* 7e Sct^Sopoti 

r«v2d^^ 

of more Jan 200 mg KOH/g in the potymer (B) tends to decrease the water resistance *1^£Z£Z£Z 
value of the polymer (B) outside said range is undesirable. nyaroxyl 
A hydrolyzable alkoxysilyl group content of 0.3 mmol/g in the polymer (B) is likely to lower the curability of the result 
ing composer,, to thereby reduce the add resistance and scratch resistance of the coating «.m wne 2 * nySz 
able alkoxysilyl group content exceeding 5.0 mmol/g results in high costs. Hence a hydrolvTabT ZZl^T^l 
content of the polymer (B) outside said range is undesirable. nywolyzabta alkoxysilyl group 

Preferably the polymer (B) is an acrylic polymer having a number average molecular weight of 2 000 to 10 000 A 
number average mo ecu.ar weight of less than 2.000 tends to impair the weatherability of the cuVed coSSg whereas a 

zezl r ra9e 7 r lar w , e ;? h 1 exceeding 1 °' oo ° ,ends ,o reduce «p«w5 ** 

> undS^ n0P ° yS ' ,0Xane (C) HenC6 3 " Umber aV6ra9e m0 ' eCUlar wei9ht oi the P"^* « oSide saidran^e t 
The reactive organopolysiloxane (C) for use in the present invention is a compound having a reactive functional 
groupand an organo group at the side chain and/or the end of f^ptit,,,^^^^^!!^^ 

lm££rT* g res,Stan f f A t0 acids and scratcn to ^ ^ting film, and is not limited specifica.lyins^Ss ^ 
compatibility with the compound (A) and the polymer (B). 

The reactive organopolysiloxane (C) may have linear, branched, reticulate, cyclic or like structure 
atuJTTt* , 1 ° r9 f "° 9 ? UP ( ° r9aniC 9r ° Up) mentioned abo^e are alkyf (methyl, ethyl, propyl, butyl hexyl etc ) 

' * P f rt,CUlar COmfMUnCiS havi " 9 an 0r9ano 9rou P such as ^.lytThen^c are 
practically advantageous in view of costs. y 

Examples of the reactive functional group mentioned above are silanol. alkoxysilyl. alcoholic hydroxyl qrouo olvci- 
dy^ amino, mercapto carboxyl. amide, vinyl. (meth,acryloxy and like groups. Among them. ato^ZToZ^Sc 
hydroxyl group and glycidyl group are especially preferable. "wqrsiyi group, alcoholic 

The molecular weight of the component <C) can be suitably selected insofar as said component is compatible with 

£ SvlT S h (A) ^ (B,< ^ thUS Cm " 0t be ,piC,Bid 9eneraL However ' * » ««£ . «i rsss 

(C) have a number average molecular weight of about 100 to 10.000. preferably 300 to 5 000 If the moliuTwelom 
incases beyond She above range, the compatibility of the component (C, wJthe con^^^^R 

mo.ec h uL COmP ° nent (C> ^ Pfeferably 2 10 3 ° 0, m0fe Pre ' erably 2 10 100 ' m0St 3 ,0 50 si,ic °" *°™ one 

The component (C) is a known compound. Specific examples are those disclosed in Japanese Unexamined Patent 
Publications No. 43.69*1993 and No. 70.509/1995. These compounds can be used singly or as a"S Z or 

th» riT ilin . ked partiCU,ate polymer < D > is an internal, y crosslinked particulate polymer which is incompatible with 
1 P SS*£ r 1X9 C ° mP0U , nd (A)> the ^ P °' ymer (B) havin9 an ^xy group aVoxyl group and a t*oT- 
Se ™Swnr P L"? *" ""^ (C) and solvents, and can be dispel s ably 

ScSHSrSS^ ° ,r ° PiC Pr0P6rteS t0 ^ * °' the conwte (A >" W and < C > which Sm 

Stated specifically, since said mixture substantially has Newtonian flow properties, the coating film formed there- 

strate or by the temperature increase ,n the baWng process subsequent to the application. Contrastingly if Z 
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IT T ?k ! P ? Vmer (D) ' S ^ 10 0,6 ttle obtained has a high apparent viscosity 

«hen left to stand but shows a satisfactorily low viscosity when a high shear stress is applied, as Inam 

XT' **2 ?* *? iS amenable ,0 W ^ ^ "0*» « I exWbi thixoS «5 

in few ; seconds or few mmutes after application to the substrate. ^I^ui^tmnmj^!^^ 

s Useful examples of the cross linked particulate polymer (D) are known fine particulate polymers crosslinked in the 
molecule. which . obtained by an aqueous emulsion or aqueous suspension rxJymerizatioSS c^v a Tnaau^ 

SS2^ P 2Tf l " r 6th0d - ^Lramolecular^^ 
obteuned by the aqueous emulaon or aqueous suspension polymerization method can be separated in the form of a 

,o 2 «Z £ "fTFr*"? SUCh 38 * Wlcn ° r a2e0,r0piC diSti,,ation of P^cipS on or agTrl 
<o ton of the polymer (particles), etc. Alternatively, said physical or chemical methods may be carried out using oftSS 

JSSST ' ike 1 P ' aCe 7 ^ 35 mediUm for ,hS crosslink * SaTeXer 

According to the present .nvent.cn. preferably usable as the crosslinked particulate polymer (D) are mSZ f in. 

palate polymers as disclosed in Japanese Unexamined Patent Publication No. i^S^T^S^ 

s other racjcally polymenzabte unsaturated monomer to emulsion polymerization in the presence a reacti™ e^sS 
havng ally, group .n a molecule. In this case, the particufcte polymer is intramolecular?, *a^SS£l£!Z 
We monomer having at least two radically polymerizable unsaturated groups in the molecule W"*™ 
rtJH? "f aWe 33 *?, crosslinked Particulate polymer (D) are nonaqueous dispersions of particulate polymers as dis- 
closed ,n Japanese Unexam.ned Patent Publication No. 95,116/1989 which is obtained by polymerX TaT^I 

STm r atUra,Sd m ° n0mer 10 3n ° rflaniC lk,Uid USin9 as dis P ersi0 " resiJ S5SS2n^^ 

T m ° n0mer 35 a " 6356,1831 m ° n0mer C ° mp0nent ' ? artic " la « e POI^ b^g° nSein 
sad organic bquKL In th.s case, the particulate polymer is intramolecularly crosslinked by the alkoxysilylTnSna 
polymenzable vinyl monomer. A polymerizable monomer having at least two radically polymeSe uSSZ 

■ Sno^y^^^ 

sa d peculate polymer when added to a solution or dispersion of a binder resin containing said Mgh^E^SS 
solvent can give a solution or d.s P ersion having a high resin content, i.e.. a high solid content JhSkSSSSZ 

.s dned. the particulate polymer forms a cured film in combination with the binder resin Palate Polymer 

nrPftH^JS t "rf^ 6 par ^ iate P 0 *™ ™ have a " ^erage particle diameter of about 0 01 to 2 urn 

Mm -- f , aV6rage Par,iC ' e diame,6r bel0W 8aid ran9e ,ends to reduce *e sagging InhWfing 
SZ!f T*! C,e d,ame,er be * ond ™9* * «kely to impair the finishing appearance, ^us an L JaTe 
particle diameter outside said range is undesirable. «"•«»•■ "us, an average 

vinim^f ° f inV6nti0n COntainS ' 35 eSSentel com P° nen * the carboxyl-containing compound (A, the 
vinyl polymer (B) having an epoxy group, a hydroxyl group and a hydrolyzable alkoxysilyl group in onTmolecuYe Te 

Z,d uZo 1„ ^ I 3 ™ 1 th6 P0 ' ymer (B) iS SUCh lhat the equiva,ent rati ° of the carboxyl g^ in i^e com 

E?I «™rl h ^ K 9 : 0 ^:^ 6 P0 T er (B) fe 1 ° 5 10 °- 5;r * e pr °e° rti °" of * e reactive orglor^iloTane^) 
is 3 to 50 parts by weight per 100 parts by weight of the compound (A) and the oolvmer (B) in total *rU< £ ™™ J 

T^IIT^T' polymer i D) , is 1 10 20 parts 

T I" ? oraano P° | y s,loxa " e (C) in total. Proportions outside said range tend to reduce the cu abil 

lESSS ih reS : StenCe < a . nd SCfatCh reSiSt3nCe ^ *• COatn 9 ,ilm ' and *« are not prefeSS 
«,* P ^ !l 6 proportlons of the impound (A) and the polymer (B) are such that the equivalent ratio of the 
carboxyl group ,n the former to the epoxy group in the latter is 1 :0.6 to 0.6 to 1 . and the proportion oJIe reaSeoroa 
nopolys-loxane (C) ,s 5 to 30 parts by weight per 100 parts by weight of the compound (A, andTe Xn£5£S 
and the proportion of the crosslinked particulate polymer (D, is 1 to 10 parts by weight per 100 parts b7w£h 0 S 
compound (A), the polymer (B) and the reactive organopolysiloxane (C) in total 9 

The curable coating composition of the present invention may contain curing catalysts when necessarv Usable c.r 
ing catalysts include catalysts effective for the crosslink^ reaction of the carboxyl group JS^^S^SS^ 

ro^rrt b rJ d \ ,etrabUty,amm0nium bromide - tetraethylammonLm <Llfl^S3£S£^ 
bromde. nphenylbenzy^hosphonium chloride and like quaternary sal. catalysts; triethylamine. Wx^XESE 
amines, etc. Among them quaternary salt catalysts are preferable. Catalysts consisting of said quaternary ISand a 

S ^ such catalysts .mprove the storage stability of the coating composition and prevent the ZerLg of te 
Also usable are catalysts effective for the crosslinking reaction of the ethoxysilyl group, such as dibutyltin dilaurate. 
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dibutyltin diacetate and like tin catalysts; tetrabutyl titanate and like titanium catalysts; triethyiamine. tributylamine and 
like amines; etc. 

The above two types of catalysts can be used singly or as a mixture. In view of curability and scratch resistance 
combined use is preferable. 

♦ • ^TT^J 'i 16 ° Urable 00341,19 com P° si,ion <" ■» Present invention may contain dehydrating agents such as 
sTenT 0rth ° aCe,a,e f0f PreVentin9 ° 0atin9 «»*»*>" fro-" degradation caused by motour. in the aifor Z Z 

ho ^fi^l Pi9mentS SUCh 38 COl0rin9 Pi9ments> extender pi9ments - a"fl-corrosive pigments and the like can 
be added to the coating composition of the present invention, when necessary 

ma I XamPleS J ), ^ efU l r?'° rin9 Pi9mentS 0r9aniC pi9ments ** as q"inacridone red and like quinacridone pig- 
ments, pigment red and hke azo pigments, phthalocyanine blue, phthalocyanine green, perylene red and like phthalo- 

Zp'n 6 " ,n ° f9a « C u P T Bn,S SUCh 35 ManiUm 0X11,6 and Carbon Wack - metallic P'9 m ^ such as aluminum 

flake, nickel flake, copper flake, brass flake, chrome flake, pearl mica and colored pearl mica 

Optronally the curable coating composition of the invention may contain resins such as polyester resins alkyd res- 

oh!i! rlV^ Tt ! tC - and may 3150 COntain 3 minor amount 01 melamine locked 'isocyanate 
or like crossl.nk.ng agent. Further, the curable composition of the invention may contain conventional additives for coat- 
ing composrt.ons such as UV absorbers, oxidation inhibitors, surface modifiers, defoaming agents etc 

The curable coating composition of the invention is usually used in the form of an organic solvent type coating com- 
K™i, XamP , 7^'°^° delude those for coating compositions such as arctic or aliphatic 

hydrocarbon solvents, alcohol solvents, ester solvents, ketone solvents, ether solvents, etc. Organic solvents used in 
preparing the polymers as the components of the composition can be used as it is. or additional organic solvents may 
to rtori Si by wSw 6 ^ 0 " °* ^ C ° mp0Siti ° n * 38 high aS 3001,1 40 10 <**>* M% b Y w eight. preferably about 50 

p S mpth!!^ "T^ 0 " ° f *" inVenti ° n 08 300,16(1 ,0 various subs,rates °y conventional coating 

25 methods and can be fully cured by heating at a temperature of about 1 00 to about 180°C for about 10 to about 60 min 
utes to give a coating film having high resistance to acids and scratch. 

The method for forming a topcoat according to the present invention comprises the step of successively tormina a 

™«™ 0031 , ,0PC03t °" 3 SUbStr3,e ' S3id D3Se 0031 and/0r clear t0 PC° at being formed from the curable 

coating composition of the invention. 

30 r-irlv ^SS *V 06 US6d fof , formin9 ^ t0PC03, indude 8,661 pane,S ,rea,ed ^ chemira l conversion, electropho- 
efcally coated wrth a pnmer. and opt.onally coated with an intercoat; various plastic substrates optionally surface- 

oTthfsteel aSplastici 0 ^ ^ & ^ * " 9 Pr ' m6r m substra,es P roduc ed by a composite 

35 u J^t S 0 " ° f ?r i09 3 too . coat ac c ordino to ^ invention, the curable coating composition of the invention is 
S compos.t.on for forming the colored base coat and the composition for forming the clear top 

The curable coating composition of the invention is capable of forming a coating film excellent especially in resist- 
ance to aads and scratch and is. therefore, preferably used as a composition for forming a clear topcoat 

The curable coating composition of the invention as such can be used as a dear topcoat composition. The clear 
topc ?? ! ™ m P°*«™ may contain coloring pigments in an amount which will not completely hide the colored base coat 

The curable coating composition of the invention can be used as a colored base coat composition by properly incor- 
poratmg therein the organic pigments, inorganic pigments, metallic pigments and like coloring pigments mentioned 

The method of forming a topcoat according to the invention is particularly suitable for forming a topcoat on automo- 
tive extenor panels. The coating methods of the invention include those known in the automotive industry, for example 
those compns.ng forming a colored base coat and a clear topcoat by 2-coat 1-bake system or 2-coat 2-bake system' 
and those comprising forming a colored base coat, a clear topcoat and a clear topcoat by 3-coat 1-bake system or 3- 

coat <?-oaKe system. 

The most desirable method of forming a topcoat according to the invention comprises the steps of applying a com- 

surface of the base coat, and curing the two coats by heating according to 2-coat 1-bake system 

Described below is the coating method by 2-coat 1 -bake system using the curable coating composition of the inven- 
tion as a clear topcoat composition. = f 

« UO nH^ at J" bake ^ ,em ' a u° 0l0red D3Se C03t comDosition is ,irst to the above mentioned substrate by con- 
55 ventional coating methods such as spray coating or the like. 

anri m 00 ' 0 ' 60 " C ° at C °T S f ° n m3y 06 °' type comprisin ° ^ curable coating composition of the invention 
and coloring pigments, or may be of the type per se known and conventionally used in a method for forming a topcoat 
Examples of colored base coat compositions per se known include, for example, those comprising a curable resin 
component and sa.d coloring pigment. Useful curable resin components are. for example, acrylic resin/amino resin mix- 
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lure, alkyd resin/amino resin mixture, polyester resin/amino resin mixture, acrylic resinfcolyisocyanate mixture alkvd 
resinfcoly.socyanate mixture, polyester resin/polyisocyanate mixture, etc. The amino resins used in said mixtures 
include melamme resins. The form of these known colored base coat compositions is not specifically limited and can 
be a desirable type selected from organic solvent type, nonaqueous dispersion type, aqueous dispersion type, aqueous 
solution type, high solid type, etc. H 

Application devices for spray coating include those conventionally used, such as an air spray gun airless sorav 
gun air spray type electrostatic coater. airless spray type electrostatic coater. rotary atomization type electrostafc 

coater, etc. 

The colored base coat composition is applied preferably to a thickness of about 10 to about 30 urn (when curedi 
The colored base coat thus deposited is left to stand at room temperature for a few minutes or is force^ried at a tem- 

SSfnT*?? t0 f 0 * 8 °°« ^ 3 ,SW minUt8S >nd *" the CUraWe «*» of the invents 

applied as a clear topcoat composition. 

i J 7 * f*Z J° PCOat Composition is bv the same -methods using the same coaters as used in the application 

of the colored base coat composition. 

The clear topcoat composition is applied preferably to a thickness of about 20 to about 80 urn (when cured) 
Both the colored base coat and the dear topcoat thus applied are concurrently cured by heating at about 100 to 
about 180-C for about 10 to about 60 minutes. ^ 9 00 10 

In the method for forming a topcoat according to the present invention, the composition for forming the colored base 
coat >S preferably an aqueous type, or an organic solvent type having a solid concentration of about 30 to about 50% bv 
volume (when applied by spray coating), which usually corresponds to about 35 to about 65% by weight The compo- 
sition for forming the dear topcoat is preferably of an organic solvent type having a solid concentrati™ of about 3?to 
60% by volume (when applied by spray coating), which usually corresponds to about 45 to about 75% by weioht 

"J? 5f th ? coafinB method « ,he invention nave a mating film excellent in resistance to acids and 
scratch, and the coating film thus formed is particularly suitable for covering automotive exterior panels 

The present invention is described below in more detail with reference to Preparation Examples. Comparative 
Preparation Examples. Examples and Comparative Examples wherein the parts and percentages are all by weight. 

Preparation Example 1 

Preparation of half ester (a-1) formed by addition reaction of polyol with 1 ,2-acid anhydride 

, c A ^' ite l 9l ? SS f ' aSk eq, * ped with a ^"er. thermometer and condenser was charged with 236 parts of 3-methvl- 
1 5-pentaned.d. 134 parts of trimethylolpropane. 1078 parts of hexahydrophthalic anhydride and 780 parts of xylene 
If^^T 5 T ? 3 "J* 1096 " atmos P here to initia 'e a taction. The reaction mixture was maintained 

„ ^ T£ era ^ e f0r 4 h0UfS and the " C00led ' 9ivin9 a half ester ( a " 1 > of a "«d intent of 65%. a Gardner Z 
cosity (25°C) of R and an acid value of 271 mg KOH/g. uaraner vis 

Preparation Example 2 

Preparation of vinyl polymer (a-2) having half ester group 



,,c t tB [ o aSS f ' aSk "* uipp&S with a stirrer ' thermometer and condenser was charged with 553 parts of xylene and 
276 parts of 3-methoxybutyl acetate. The mixture was heated to 125°C by an electrothermic mantle. At the same tem- 

« t T^? ° f the o f0ll ° w ' i "9 monomer components was added dropwise at a uniform rate over a period of 4 

45 hours. p-Tert-butylperoxy-2-ethyl hexanoate is a polymerization initiator 



50 



55 



Methanol half ester of maleic anhydride 


288 parts (20%) 


4-Hydroxy-n-butyl acrylate 


288 parts (20%) 


n -Butyl acrylate 


576 parts (40%) 


Styrene 


288 parts (20%) 


p-Tert-butylperoxy-2-ethyl hexanoate 


72 parts 



n . The . m !! tUre W3S a96d for 30 minUteS Mded dr0pwise was a mixture of 277 P^* 5 <* 3-methoxybutyl acetate and 
14.4 parts of p-tert-butylperoxy-2-ethyl hexanoate over a period of 2 hours. The mixture was aged for 2 hours giving a 
solution of an acrylic polymer (a-2) of a final conversion of 98%. s * 
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The obtained polymer solution had a polymer solid content of 55% and a Gardner viscosity (25°C) of M The oolv- 
mer had a number average molecular weight of 3,500 and an acid value of 86 mgKOH/g. 

Preparation Example 3 

5 

Preparation of vinyl polymer (b-1) having epoxy group, hydroxyl group and hydrolyzable altoxysilyl group 

A 5-liter glass flask equipped with a stirrer, thermometer and condenser was charged with 410 parts of xylene and 
to LrSl ^I ™ 8 h6a,ed 10 125 °° by a " electro **™ At the same terrperat^e a rT 

tyronrtrile ts a polymerization initiator. *™wu 



75 


GHycidyl methacrylate 


504 parts (35%) 




4-Hydroxy-n-butyl acrylate 


216 parts (15%) 




7-methacryfoxypropy!triethoxysiiane 


216 parts (15%) 




n-Butyl acrylate 


216 parts (15%) 


20 


Styrene 


288 parts (20%) 




Azobisisobutyronitrile 


72 parts 



25 



and Z \ T^lZ aS ^LV° t! 1 ^ dr0PWiSe W3S 3 miXtUre 01 90 * arte of 40 W of n-butanol 

and 14.4 parts of az^is.^ The mixture was aged for 2 hours, g^gasolutkTno 

an acrylic polymer (b- 1 ) of a final conversion of 1 00%. 9 soiuiion ot 

The obtained polymer solution had a polymer solid content of 70% and a Gardner viscosity (25°C) of V. The oolv- 
mer had a number average molecular weight of 2,000, an epoxy content of 2.12 mmol/g, a hydroxyl value of 78ma 
KOH/g and an ethoxysilyl content of 1 .55 mmol/g. nyaroxyi vaiue ot 78 mg 

Comparative Preparation Example 1 

Preparation of vinyl polymer (b-2) having epoxy group and hydroxyl group 

A solution of an acrylic polymer (b-2) of a final conversion of 100% was prepared in the same manner as in Prep- 
aration Example 3 with the exception of changing only the monomer composition as follows. 
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Glycidyl methacrylate 


432 parts (30%) 


4-Hydroxy-n-butyl acrylate 


288 parts (20%) 


n-Butyl acrylate 


432 parts (30%) 


Styrene 


288 parts (20%) 



The obtained polymer solution had a polymer solid content of 70% and a Gardner viscosity (25°C) of U The oolv- 

KOH^jfT "7T * 2 '° 00 ' " ^ C0n,6nl « 212 mmol/ 9- a Wroxy. value of 78 mg 

KOH/g and an alkoxysilyl contents of 0 mmol/g. 9 

Comparative Preparation Example 2 

Preparation of vinyl polymer (b-3) having epoxy group 

a r a «l S p ,Uti0n |° f r * £ fc (6 " 3) ° f 9 final conversion of 100% ™ PWJ in the same manner as in Prep- 

araton Example 3 with the exception of changing only the monomer composition as follows. 
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Glydicyl methacrylate 


432 parts (30%) 


n- Butyl acrylate 


720 parts (50%) 


Styrene 


288 parts (20%) 



The obtained polymer solution had a polymer solid content of 70% and a Gardner viscosity (25"C) of S The polv- 
mer had a number average molecular weight of 2.000. an epoxy content of 2.12 mmol/g and a hydroxyl value of 0 mg 
io KOH/g and an alkoxysilyl content of 0 mmol/g. a 

Preparation Example 4 

Preparation of crosslinked particulate polymer (d-1) 

A 1-IHer flask equipped with a stirrer, thermometer, condenser and heating mantle was charged with 3547 5 carts 
of de.on zed water and 20 parts of 50% "RATEMURU S-120A" (tradename, product of Kao Corp.. sulfosuccinic acid 
tyke allyl-containing anionic reactive emulsif ier). and the mixture was heated to 90°C with stirring To the mixture was 
added 20% of an aqueous solution of 12.5 parts of a water-soluble azoamide polymerization initiator "VA-086" (trade- 
name, product of Wako Pure Chemical Ind.. 2.2'-azobis[2-methyl-N-(2-h y droxyethyl)propionamide]) in 500 parts of 
de.on.zed water. After 15 minutes. 5% of a monomer mixture consisting of 150 parts of styrene 550 parts of methyl 
methacrylate. 150 parts of n-butyl acrylate and 50 parts of 2-hydroxyethyl acrylate and 100 parts of 1 6-hexanediol dia- 
crylate was added. The resulting mixture was further stirred for 30 minutes, and then dropwise addition of the remainina 
monomer mixture and polymerization initiator was started. The monomer mixture was added over a period of 3 hours 
and the polymerization initiator over a period of 3.5 hours. During the addition, the polymerization temperature was 
ma.nte.ned at 90°C. After completion of the addition of the aqueous solution of the polymerization initiator the mixture 
was heated for 30 minutes to maintain the temperature at 90°C and then cooled to the room temperature Subsequently 
the m.xture was filtered through a cloth filter, giving a 20% aqueous dispersion of a crosslinked particulate polymer hav- 
ing a solid content of 20%. ^ 1 

The obtained aqueous dispersion was placed into a stainless steel vat and dried at 60°C in an electric hot-air drier 
to obtain a solid resm. Thereafter, the resin was dispersed in a solvent mixture consisting of xylene and n-butyl alcohol 
in a weight ratio of 50/50 which had been heated to 60°C, giving a dispersion of a crosslinked particulate polymer (d-1) 
having a solid concentration of 15%. * ' 

The obtained dispersion had a Gardner viscosity (25°C) of A2, and the particulate polymer had an average particle 
diameter of 70 nm (as measured with "Nanosizer N-4", a product of Coulter Co., Ltd.). 

Preparation Example 5 

Preparation of crosslinked particulate polymer (d-2) 
(1) Preparation of dispersion stabilizing resin 

hUndrGd partS 0< Xyle " e WaS h6ated 10 120 ° C ' and the followin 9 m onomers and polymerization initiator were 
added dropwise over a period of 3 hours. After completion of the dropwise addition, the resulting mixture was aged for 

45 2 hours. 
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y-Methacryloxypropyltrimethoxysilane 


5 parts 


Styrene 


10 parts 


n-Butyl methacrylate 


35 parts 


2-Ethylhexyl methacrylate 


25 parts 


Lauryl methacrylate 


25 parts 


2,2 , -Azobisisobutyronrtrile 


4 parts 



The obtained acrylic resin (dispersion stabilizing resin) varnish had a nonvolatile content of 50% a Gardner vi< 
ity (25°C) of B and a weight average molecular weight of about 10,000. 
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(2) Preparation of nonaqueous dispersion of crosslinked particulate polymer 



Heptane 

The dispersion stabilizing resin varnish obtained above 



100 parts 
83 parts 



t nn ^ f*"* C °T^ te W6re P,aCed int ° 3 fl3Sk and re,,uxed by heatin 9- The fol,owin 9 monomers and polymeriza- 
ton .nrt.ator were added dropw.se over a period of 3 hours, and the mixture was aged for 2 hours, giving a dtaJS, 
w of a cross linked particulate polymer (d-2) having a solid concentration of 50%. ^spers.on 





y-Methacryloxypropyltrimethoxysilane 


20 parts 


T5 


Styrene 


15 parts 




Acrylonitrile 


15 parts 




Methyl methacrylate 


50 parts 


20 


2,2'-Azobisisobutyronitrile 


2 parts 



25 



The obtained dispersion had a Gardner viscosity (25°C) of A1 . The particulate polymer had an average particle 
diameter of 300 nm (as measured with "Nanosizer N-4". product of Coulter Co. .Ltd.) 

Preparation Example 6 
Preparation of organic solvent type colored base coat composition (Y-1) 

A mixture of the following components was adjusted to a viscosity of 16 seconds (Fordcup #4/20°C) with a solvent 

"smloTinnn"r, 3 ° ^ "J^Z* ^ ° f ^ a,Coho1 ' 30 ° f «S 20 parte 

SWASOL 1000 (tradename, product of Cosmo Oil Co.. Ltd.. hydrocarbon solvent), giving an organic solvent typTcoa! 
mg compos.t.on (Y-1). The composition had a solid concentration of 35% by volume (when appNed) 



70% Acrylic resin 


57 parts 


70% Half ester compound (*2) 


43 parts 


80% W CYMEL202" (*3) 


38 parts 


Aluminum paste (*4) 


20 parts 


Xylene 


30 parts 



f 1) 70% acrylic resin: an acrylic resin having a 
number average molecular weight of 5,000 and a 
resin content of 70% which is prepared by polym- 
erizing 45 parts of n-butyl methacrylate, 35 parts 
of glycidyl methacrylate and 20 parts of 2-hydrox- 
yethyl acryiaie in xylene 

(*2) 70% half ester compound: a compound hav- 
ing a molecular weight of 446, an acid value of 252 
mg KOH/g, a hydroxy) value of 126 mg KOH/g and 
a solid content of 70% which is prepared by sub- 
jecting 1 mole of trimethylol propane and 2 moles 
of hexahydrophthalic anhydride to half esterifica- 
tion in xylene 

(*3) 80% "CYMEL 202": tradename, product of 
Mitsui Cytec Ltd, a melamine resin having a resin 
solid content of 80% 

<*4) Aluminum paste: product of Toyo Aluminum 
Co., Ltd., tradename "AL PASTE 1830YL", alumi- 
num flake paste, metallic pigment 
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Preparation Example 7 

Preparation of an aqueous colored base coat composition (M-1) 
(1) Preparation of an aqueous dispersion of acrylic resin (W-1) 

A reactor was charged with 1 40 parts of deionized water, 2.5 parts of 30% "NEWCOL 707qF" rtrarianam* ^ 
of Ninon Nyukazai Co., Ltd surfactant) and 1 part of the monomeTmixture^ Z bS 
a n.trogen stream. An emulsion consisting of 4 parts of 3% ammonium persulfate and 42 parts i d^I^^ 

S^ST reactor over a perkxJ of 4 hours usin9 a meterin9 pum »- A *» » e Z 
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Monomer mixture (1) 


Methyl methacryfate 


55 parts 


Styrene 


10 parts 


n-Butyl acrylate 


9 parts 


2-Hydroxyethyl acrylate 


5 parts 


Methacrylic acid 


1 part 



p ^7^wrthd ( methylam,noethanol, gMng an m^tt,^^^^^^^^^^ 
eter of 0.1 urn. a glass transition temperature (Tg) of 46°C and a nonvolatile content of 20% 



Monomer mixture (2) 


Methyl methacrylate 


5 parts 


n- Butyl acrylate 


7 parts 


2-Ethylhexyl acrylate 


5 parts 


Methacrylic acid 


3 parts 


30% "Newcol 707SF" 


0.5 part 



(2) Preparation of an aqueous solution of acrylic resin (W-2) 

A factor was charged with 60 parts of butyl cellosolve and 15 parts of isobutyl alcohol. The mixture was heated to 
115X n a nrtrogen stream. At a temperature of 1 15°C, there was added a mi of 26 parts of Su^Sf 47 
parts of methy. methacrylate. 1 0 parts of styrene. 1 0 parts of 2-hydroxyethyl methacrylate, 6 p££ of mK Sfa^d 1 
part of azob.siscbutyronitrile over a period of 3 hours. After the addition, the mixture was age£aM 15°C fo 30 rSnu^s 
hour" Z L°L 01 az f 0bisisobu, ^^ ile ^115 parts of butyl ce.losorve was added d^ise o^ef a P eZ of ! 
hour followed by aging for 30 mmutes. The mixture was filtered at 50°C through a 200-mesh nylon cloth Se7 Thl 

Inn, -^irl L f 9 5 C 7,16 Pr0dUCt W3S Subjec,ed ,0 ec ' uiva,ent neutralization using dimethy laminoeth- 
anorrhen de,on,zed water was added, giving an aqueous solution of acrytic resin (W-2, having .'nonSSZSi 
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(3) Preparation of an aqueous colored base coat composition (M-1) 



w 



Aqueous dispersion of acrylic resin (W-1) ' * ~ 

Aqueous solution of acrylic resin (W-2) 

"CYMEL 350" (tradename, product of Mitsui Toatsu Chemicals Inc., melamine resin) 

ptme M n« ^ AW ' 5 °° B " < tradename ' V^u* of Asahi Chemical Metals Co., Ltd., metallic 

Butyl cellosolve 
Deionized water 



275 parts 
40 parts 
25 parts 
20 parts 

20 parts 
253 parts 



25 



Examples 1-4 and Comparative Examples 1-4 

a^Tf^f "*Tl TJ* haVin9 the com P° sition <° n «"« baas) shown in Table 1 was prepared Added were 2 
parts of a mixture of tetrabutylammonium bromide and monobutylphosphoric acid in eouivai^ i . . 

TINUVIN 900" (tradename, product of Ciba-Geigy. ultraviolet ataoAerUM 01 cart JmIL ' ^ ° f 
of BYK-Chemie Co.. surface modifier). The mixture was JuSS^SSa^SS- fS-^^^S^^ 
Oil Co., Ltd.. hydrocarbon solvent) for adjustment to a viscos^o! 25 .2S^^?S^S^*2 fT" 
composition of the present invention or a comparative coating LboSo^^!^^?^^* 9 
content of the obtained coating compositions (when applied) ^"^^ W3S prepared " Tab,e 1 shows th * "orwolatHe 
The compositions thus obtained were tested for storage stability by the following method 
Storage stability: Each composition was diluted with "SWASOL 1000" to a viscositv of «n c «w,„h. , c „ 
#4/ 2 0 O C).A300 gP ortion of thediluted composition was P ,acedimo 

m,num foil. The composition was stored at 40°C for 2 weeks and its viscosity ( Ford cur ,!£/^r 7 ! 
check the degree of thickening. The results were evaluated by ' to 

l V r^!lwn\ m0 Z 50 Se °° ndS (900d St0fa9e Stabi,ity) " B: viscosit V ™e than 70 seconds (slightly lower 
storage stability), and C; viscosity more than 70 seconds (poor storage stability) 9 V 

The results are shown in Table 1 . 
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Table 1 



Component 


Example 


Comparative Example 




1 


2 


3 


4 


1 


2 


3 


4 


Compound (A) 


















a-1 
a-2 


30 


50 


30 


30 


30 


30 


33 


30 


Polymer (B) 


















b-1 

b-2 (for comparison) 
b-3 (for comparison) 


60 


40 


60 


60 


60 


60 


67 


60 


Reactive oraanoDolv^i insane 


















"X41-1067* 
"AZ-6180" 


10 


10 


10 


10 


10 


10 




10 


Crosslinked particulate polymer (D) 


















d-1 
d-2 


3 


3 


3 


3 


3 


3 


3 




Nonvolatile content when applied (% by volume) 


53 


49 


54 


54 


47 


45 


45 


53 


Storage stability 


A 


A 


A 


A 


A 


A 


A 


A 
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35 



The reactive organopolysiioxanes (C) shown in Table 1 are as follows 

i^n! 4 h 1 " 1067 " : tra , den ? me ' product * Shinetsu Ka 9 aku K K. a 9'ycidyl- and methoxysilyl-containing organopolysi- 
loxane hav.ng a molecular weight of 740 and represented by the following formula °rganopoiys. 



CH CH-CH. CH 0 
I V 2 I 3 



i following 1 



(CH 3 o-si-o) 1 ^si-o> T -3^si.ocH 3)l 



OCH- 



OCH, 



CH. 



40 



nnl "f 6,80 " : rename, product of Nihon Unicar KK, methoxysilyl- and alcoholic hydroxyl group-containing organo 
polysiloxane havmg a molecular weight of 1 01 7 and represented by the following formula P" 00 ™" 1 "^ "flano 



so 



CH. 



CH. 



CH. 



CH. 



CH -(Si-OH fSi-OH (Si-OW—Si-CH, 

III ^1 3 

CH, X Y CH. 



55 



X:-C2H 4 -Si-(OCH 3 )3 
Y:-(CH2)3-0-(C 2 H 4 0)3-(CH 3 H 6 0)3-H 

group „ the former to the *x>xy group ,„ the latter) was 1:0.88 in Example 1. 1:1.11 in Example 2. 1:0.88 in ££2 
3, 1 .0.88 in Example 4. 1 :0.88 m Comparatrve Example 1 , 1:0.88 in Comparative Example 2 1-0 88 in Comoarative 
Examp e 3, and 1 :0.88 in Comparative Example 4. The proportion of .he reactrve organo^lysHoxane (i) wZl wl 
parts o the compound (A) and the polymer (B) in total. 11.1 parts in Example 1.11.1 parte i^Ex^e 2 ni pa ts iS 
Example 3. 11.1 parts in Example 4. 11.1 parts in Comparative Example 1. 11.1 parts in Co^Z ^Example J 0 
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part ,n Comparative Example 3 and 1 1 .1 parte in Comparative Example 4. The proportion of the crosslinked particulate 
Tc %Z { ?* m V' c°° b/ ^ ° f *■ C ° mp0Und (A) " *■ **** M «- the rea^an^S^e 
E^eT ' " COmParat,Ve ExamP ' e 2 ' 3 ^ in 0««l«n*. Example 3 aTd 0 part in ConpaS 

Examples 5 to 12 and Comparative Examples 5 to 12 

Topcoats were formed by the following method according to 2-coat 1 -bakp <?vQt*m , ^ ~ *■ 

* 2""^ ee ' P 3 " 81 f ° i mm ,hickness fr^ed by chemical conversion with zinc phosphate was coated with an 
S'S, ^l™ ** B *P»«* coati "9 composition to give a coating film of abort X^SSSZtZ 
dried). The coated panel was baked at 1 70°C for 20 minutes, polished with sand oaoer r# 4001 *r^~ 

ZZT ieum b r ^ 7)16 ^ panel was further ^ » * ss^^sszssz 

surfacer to give a coating film of about 25 M m thickness (when dried). The coated panel was baked a^ ^ toSS? 

s^eTa^^^^^ 

utes in the case of app^aton of tie -tingl^ « «*" 

of application of the coating composition (M-t). Each dear tU^^S2?!£^ ^ZS^E 

The clear topcoat compositions were tested for coating amenability as follows 

The topcoats thus formed were tested for properties as follows. 
Film appearance 

Pff J h | r ^" iC ^ j™*** whiteness and t"e like) was visually evaluated on A to C scale: A- excellent in metallic 
effect, B; poor in metallic effect, and C; exceedingly poor in metallic effect. excellent in metallic 

Acid resistance 
Scratch resistance 

An automobile with a coated panel attached to the roof was washed 1 5 times in a car w^hor arvt ^ * ^ . 
nL,;S !2 ** f™* 9 SM " e "■* v,sua,y inS(,ec,ed The "•"«• •«• eviitated on A to C scale 

Impact resistance 

The coated panel was tested with a Du Pont impact tester using a weight of 500 g with a tip 0 5 inch in radius Th* 
Water resistance 

The coated panel was dipped in warm water maintained at 40°C for 240 hours and washed with water, followed by 
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visual inspection of the coating surface. The evaluation was made on A to C scale: A; no change B slight dullina on 
the coating surface, and C; blushing on the coating surface. 9 9 00 



Recoat adhesion 



The applied base coat composition and clear coat composition were baked at 140*C for 30 minutes to make a first 
^ ^TS? **™ ^ ^° sition <*™ «t composition were sm^lniS^^^^ 
coated panel. Thereafter the coated panel was baked at 120*C for 30 minutes to J£» fs^ond JSTS^ 
panel was cut crossw.se to reach the substrate, giving 100 squares with a spacing of 1 mm. A cSwiSS! 
applied to and then peeled from the cut surface. The adhesion between the f irsTanc 'the second t£!^^^ 
A to C scale: A; no peeling, B; slightly peeled and C; considerably peeled 
The results are shown in Table 2. 
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According to the invention, there is provided a novel heat-curable high solid coating composition which can form a 
coating trim excellent ,n resistance to acids and scratch, and which is superior in ,ow tempeX cJ^g^^ 
b.hty and recoat adhes.on. Further provided is a method of forming a topcoat using said composition 9 
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Claims 
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1 . A heat-curable high solid coating composition comprising: 

(A) a carboxyi-containing compound, 

(B) a vinyl polymer having an epoxy group, a hydroxyl group and a hydrolyzable alkoxysilyl group in one mole- 
cule, 

(C) a reactive organopolysiloxane, and 

(D) a crosslinked particulate polymer. 

2. The composition according to claim 1 which is of an organic solvent type and has a solid concentration of about 40 
to about 80% by weight. 

3. The composition according to at least one of claims 1 to 2 wherein the compound (A) has an acid value of 50 to 
500 mg KOH/g. 

4. The Composition according to at least one of claims 1 to 3 wherein the compound (A) is a vinyl polymer having in 
a molecule a group formed by half esterif ication of an acid anhydride group, and/or a half ester formed by addition 
reaction of a polyol with 1,2-acid anhydride. 

5. The Composition according to at least one of claims 1 to 4 wherein the hydrolyzable alkoxysilyl group in the polymer 
(B) is an ethoxysilyl group. 

6. The composition according to at least one of claims 1 to 5 wherein the polymer (B) is an acrylic polymer having an 
25 epoxy content of 0.5 to 5.0 mmol/g, a hydroxyl value of 10 to 200 mg KOH/g and a hydrolyzable alkoxysilyl group 

content of 0.3 to 5.0 mmol/g. 

7. The composition according to at least one of claims 1 to 6 wherein the reactive functional group in the reactive orga- 
nopolysiloxane (C) is at least one member selected from the group consisting of an alkoxysilyl group, an alcoholic 

30 hydroxyl group and a gtycidyl group. 

8. The composition according to at least one of claims 1 to 7 wherein the crosslinked particulate polymer (D) is: 

a crosslinked particulate polymer obtained by subjecting 
35 a polymerizable monomer having at least two radically polymerizable unsaturated groups in one molecule and 

other radically polymerizable unsaturated monomer to emulsification polymerization in the presence of a reac- 
tive emulsifier having an allyl group in a molecule, and/or 

a crosslinked particulate polymer obtained by polymerizing a radically polymerizable unsaturated monomer in 
an organic liquid in the presence of a dispersion stabilizing resin which is a polymer containing an alkoxysilyl- 
40 containing vinyl monomer as an essential monomer component. 

9. The composition according to at least one of claims 1 to 8 wherein the proportions of the compound (A) and the 
polymer (B) are such that the equivalent ratio of the carboxyl group in the compound (A) to the epoxy group in the 
polymer (B) is 1 :0.5 to 0.5:1, the proportion of the reactive organopolysiloxane (C) is 3 to 50 parts by weight per 
1 00 parts by weight of the compound (A) and the polymer (B) in total, and the proportion of the crosslinked partic- 
ulate polymer (D) is 1 to 20 parts by weight per 100 parts by weight of the compound (A), the polymer (B) and the 
reactive organopolysiloxane (C) in total. 
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50 



1 0. A method for forming a topcoat comprising the step of successively forming a colored base coat and a clear topcoat 
on a substrate, said colored base coat and/or clear topcoat being formed from the coating composition of at least 
one of claims 1 to 9. 

11. The method for forming a topcoat according to claim 10, the method comprising the steps of applying the compo- 
sition for forming the colored base coat to a substrate, applying the composition for forming the clear topcoat to the 

55 uncured surface of the base coat, and curing the two coats by heating according to 2-coat 1 -bake system. 

1 2. The method for forming a topcoat according to claim 1 0 or 1 1 wherein the composition for forming the clear topcoat 
contains the coating composition of at least one of claims 1 to 9 as a resin component. 
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1 3. The method for forming a topcoat according to claim 10 or 1 1 wherein the composition for forming the colored base 
coat is an aqueous Coating composition, or an organic solvent type coating composition having a solid concentra- 
tion of 30 to 50% by volume when applied by spraying, and the composition for forming the clear topcoat is an 
organic solvent type coating composition having a solid concentration of 35 to 60% by volume when applied by 
spraying. 

14. An article coated by the method according to any one of claims 10 to 1 3. 
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(57) An object of the present invention is to provide 
a novel heat-curable high solid coating composition 
capable of forming a coating film which is excellent in 
both acid resistance and scratch resistance, and a 
method for forming a topcoat using said composition. 

The present invention provides a heat-curable high 
solid coating composition comprising: 

(A) a carboxyl-containing compound, 

(B) a vinyl polymer having an epoxy group, a 
hydroxyl group and a hydrolyzable alkoxysilyl group 
in one molecule. 

(C) a reactive organopolysiloxane, and 

(D) a crosslinked particulate polymer. The present 
invention also provides a method for forming a top- 
coat using said composition. 
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